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IMPROVED APPARATUS AND METHOD FOR THE CORE BODY 
WARMING OF MAMMALS EXPERIENCING HYPOTHERMIA 



5 



Field cf the Invention 

The present invention generally relates to an 
apparatus and method for core body warming of 
hypothermic mammals (hypothermy) . 

Background of the Invention 

There has recently been tremendous interest in the 
manipulation of core body temperature in mammals. 

Hyperthermia is defined as the condition of a 
temperature regulator when core body temperature is 
above its set range specified for the normal active 
state of the species. Hypothermia is defined as the 
condition of a temperature regulator when core tem- 
perature is below its set range specified for the normal 
active state of the species. Normothermia is the normal 
active state of a species, and is defined as the 
condition of a temperature regulator when its core 
temperature is within one standard deviation of the 
range associated with the normal post-absorptive resting 
condition of the species in a thermoneutral environment 
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or in a range of ambient temperatures at which 
temperature regulation is achieved only by control of 
sensible heat loss. 

Mammals, such as humans, are characterized by a 
5 relatively constant and high core body temperature 
(above about 37 °C in humans). The maintenance of body 
temperature normally includes heat dissipation to the 
outside atmosphere through specific heat exchange 
regions of the body. These regions include (but are not 

10 limited to) the faces, ears, and other specific exposed 
surface areas of the appendages such as hands and feet 
in a human, the tail in a rodent, and the ears in a 
mammal such as an elephant or rabbit. The thermal core 
of the body can be defined as the inner tissues of the 

15 body whose temperatures are not changed by circulatory 
adjustments and changes in heat dissipation to the 
environment. Under normal conditions, the thermal core 
includes the heart, brain, lungs and the viscera. The 
essential thermal core area comprises the heart and the 

20 brain. These tissues are distinguishable from the 
thermal shell of the body that surrounds the thermal 
core. The thermal shell would insulate the thermal 
core, unless there is an active heat exchange nexus 
between the two, such as would occur when there is 

25 vasodilation in certain heat transfer regions of the 
thermal shell. 

When the thermoregulatory system is active, hyper- 
thermia involves the inability of the system to 
adequately respond to a heat challenge with increased 

30 heat dissipation. Likewise, hypothermia involves the 
inability of the system to adequately respond to a cold 
challenge with increased heat conservation or 
production. 

Regarding hyperthermia, hyperthermia may result 
35 from exposure to heat (heat stroke) . There is a need 
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for a field portable unit to treat hyperthermia victims 
that is portable, self-powered, lightweight and non- 
invasive. 

Furthermore, it has been recently reported that 
5 perioperative normothermia reduces the incidence of 
surgical -wound infections and shortens hospitalization 
stays (Kurz et al. r 334 New Eng. J.Med. 1209 (1996)). 
An apparatus and method to induce and maintain 
normothermia is thus desired in a hospital setting. 
10 The present invention is primarily directed to an 

apparatus for the treatment of hypothermia, whether 
induced or not, through the use of a non-invasive, 
portable apparatus. 

Summary of the Invention 

15 The invention, which in one preferred embodiment is 

a portable unit, is a device for treating hypothermia in 
a mammalian body non-invasively, using an apparatus that 
is portable, lightweight, and requires no external 
electrical power source. The preferred portable version 

20 of the invention may be used by operating rooms, Patient 
Anesthesia Care Units, emergency rooms and emergency 
medical treatment personnel under any of the conditions 
typically experienced in field and hospital settings. 
For hypothermia applications, the present invention 

25 creates a thermal pipeline directly from the skin 
surface to the body core, by introducing the skin 
surface to the simultaneous effects of negative pressure 
and an external heat source. An appendage, which can be 
an arm, is encased in a chamber where vacuum is applied 

30 and an external heat source is activated. Thereupon the 
appendage of the patient is vasodilated and effective 
heat transfer can occur much faster than when compared 
with prior techniques known in the art. 
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A technique for raising the core body temperature 
of mammals suffering hypothermia in an non-invasive 
manner includes forced air convection warming of the 
tissue of the affected body. Often, forced warm air 
5 over the surface of the victim's body is coupled with 
application of an insulator to trap external heat, as 
with blankets. Unfortunately, in a hypothermic mam- 
malian body, the surface tissues are vasoconstricted to 
prevent blood flow to the skin, in a natural evolu- 

10 tionary response of hypothermic mammals to cold, in an 
attempt to insulate the core body tissues from atmos- 
phere. The present invention employs a new paradigm of 
heat transfer to a body by relying on the convective 
properties of the circulatory system of a mammalian 

15 body, by inducing dilation in a selected area of the 
skin, in opposition to the natural vasoconstrictive 
response of the body to cold, in order to aid in 
transferring heat from an external heat source to the 
core body tissues, though blood circulation between the 

20 thermal core and dilated area of the thermal shell 
(e.g., such as surface tissues). As explained herein, 
this vasodilation of the selected area of the thermal 
shell (e.g. , surface tissues and blood vessels) is 
achieved through an application of negative pressure to 

25 the selected surface tissues. 

The present invention has been estimated to achieve 
in one typical conf iguration (negative pressure and heat 
application to a limb) an accelerated rewarming rate of 
about 8°C/hour, as opposed to the conventional forced 

30 air apparatus' rewarming rate of only about l'C/hour. 
Thus, forced air warming could take an estimated order 
of magnitude longer than the techniques of the present 
invention to increase core body temperature to a normal 
core body temperature. The human body will attempt to 

35 maintain a certain equilibrium core body temperature 
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when reaching the normal core body temperature. Once 
normathermia is reached, the body can dissipate any 
excess heat through the other appendages whose surface 
tissues have become vasodilated. For this reason, the 
5 present invention does not have a risk of inducing 
hyperthermia. 

Brjef Description of the Drawings 

Figure 1 shows an exploded view of one preferred 
embodiment of the invention. 
10 Figures 2-3 show cross-sectional views of the 

Figure 1 embodiment of the invention in operation. 

Figure 4 shows a perspective view of another design 
of the present invention. 

Figure 5 shows a cross-section of the gauntlet or 
15 sleeve gasket construction of the embodiment of Figure 
4. 

Detailed Description of the Preferred Embodiments 

Turning attention to Figures 1-3, there is shown 
the overall configuration of one embodiment of the 

20 apparatus 10 of the present invention, showing in 
exploded view a vacuum chamber 15, having a vacuum pump 
20 with an inlet port 22 to allow the withdrawal of air 
from inside the vacuum chamber 15, and a gauntlet seal 
42 to seal a mammalian forearm 43 inside the vacuum 

25 chamber 15. A heating pad 50 envelopes the terminal 
portion of a mammalian forelimb. 

The vacuum pump 20 is preferably a hand pump 
requiring no external electrical power supply, such as 
the kind manufactured by Humphrey Products Company. 

30 However, other types of means for inducing vacuum may be 
employed, such as a powered vacuum pump that employs a 
C0 2 cartridge and venturi valve or other vacuum-inducing 
means. The vacuum pump 20 may optionally contain either 
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a built-in vacuum pressure gauge 25, or the apparatus 
itself may have its own separate vacuum gauge* For 
normal-size human bodies, negative pressures for 
vasodilation are currently recommended to be in the 
5 negative 40-60 mm-Hg range. Higher pressures and exter- 
nal temperatures may result in greater heat transfer. 
In one study, 150 mm Hg negative pressure was shown to 
not cause localized tissue damage in healthy adults; 
however, care should be taken applying very high 

10 negative pressures since rupture of blood vessels has 
been known to occur. 

Vacuum chamber 15 has an open mouth end 30 and a 
closed sealed end 32, with a curvilinear clear top shell 
35 and flat opaque bottom shell 37. .Preferably the 

IS chamber may be made of plastic. At open end 30 of 
vacuum chamber 15 there is an elastic gasket holder or 
fastener 40, which may be a clasp as shown, or any other 
fastener including an O-ring, holding a flexible sleeve 
or gauntlet 42 that forms one sleeve design for 

20 receiving a limb or extremity of a user, such as a human 
arm 43. Gasket 42 would be deformable to conform to the 
arm of a user to form a seal and yet be of sufficient 
strength to withstand a vacuum pressure of at least 300 
mm-Hg without bursting, and forms an air seal to avoid 

25 leakage from the inside of vacuum chamber 15 to outside 
atmosphere. In this way, gasket 42 forms a seal in one 
preferred embodiment of the invention. 

Inside vacuum chamber 15 there is found an external 
heat source comprising a chemically-activated heating 

30 pad 50, such as the sodium acetate kind manufactured 
under the tradename "Proheat™," manufactured by Prism 
Technologies of San Antonio, Texas, or by Reheater, Inc. 
of Santa Fe Springs, California, of appropriate suffi- 
cient size to cover or substantially cover a normal- 

35 sized user's hand and forearm or other appendage that is 
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to be treated. Other types of heat sources and designs 
are contemplated within the scope of the invention, 
including heating sources using liquid sodium acetate, 
gel sodium acetate, dry iron oxide pad designs, or water 
5 perfusion or electric glove pad designs (with suitable 
externally-supplied hot water or electric , power 
supplies) . 

In the preferred embodiment shown in Figures 1-3, 
the chemically-activated heating pad, when a reagent 

10 chemical activator is broken, develops an exothermic 
chemical reaction that releases heat, and expands the 
size of the pad. The heating pad 50 may be formed in a 
double layer design, such as an oven mitt or glove, to 
receive a hand, forearm or other body extremity inside 

IS the heating pad, and may have Velcro straps 52 holding 
the two pads together as shown in Figure 1; or the pad 
may be one piece. 

Operation of the apparatus of Figures 1-3 will now 
be described. When treating a mammalian victim 

20 suffering from hypothermia in the field, an unattached 
gasket 40 is pulled down an appendage of the victim, 
such as the bare hand, forearm, arm or foot in the case 
of a human, or other suitable appendage in the case of 
another species of mammal. At this point, the gasket is 

25 preferably pulled a small distance toward the distal end 
of the appendage so that the flange 42 inverts its 
normally inward- facing direction. The appendage is then 
is enveloped in chemical heating pad 50, and the pad is 
activated to generate heat. The patient victim's appen- 

30 dage 43 is then inserted by the operator of the 
apparatus into the vacuum chamber 15 and the gasket 40 
is attached to the lid 80 of the vacuum chamber 15. The 
operator then evacuates the vacuum chamber to form a 
vacuum by pumping by hand vacuum pump 20 a predetermined 

35 number of strokes or until the vacuum gauge 25 shows a 
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range of vacuum of between 40 to 60 rom-Hg. The vacuum 
will cause the victim's non-core surface and skin tissue 
of the appendage within the vacuum chamber 15 to 
vasodilate, so that effective heat transfer may occur 
5 from the chemical heating pad through the vasodilated 
tissue of the appendage to the victim's core body 
tissue. 

As discussed above, apparatus of the present 
invention is predicted to provide a significant 

10 improvement over traditional core body warming tech- 
niques. The apparatus of the present invention is 
estimated to achieve an rewarming rate of about 
8°C/hour f as opposed to the conventional forced air 
apparatus' rewarming rate of only about l°C/hour. Thus, 

15 forced air warming could take an estimated order of 
magnitude longer than the techniques of the present 
invention to increase core body temperature to a normal 
core body temperature. 

Figure 4 shows another embodiment of the present 

20 invention that is very similar to the embodiment of 
Figures 1-3. The hypothermia apparatus or device 60 has 
a plastic housing 65, which may be of a unitary 
construction or a modular two-piece construction, with 
or without a clear plastic top half, and having a 

25 recessed portion to house a pump 67, which may be of the 
same construction as the hand pump 20 of the Figure 1 
embodiment, to achieve a compact design. The pump would 
have suitable openings leading to the inside (vacuum 
chamber 69) of the apparatus 60, and to atmosphere, so 

30 that the vacuum chamber may be evacuated of air. The 
pump may be powered to operate through non-manual, 
externally powered means as well. The housing 65 has a 
flat surface rectangular base 70 that enables the device 
to be laid flat on a table. A seal or gasket 75 is 

35 removably fastened to the lip or lid 80 of the housing 
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65 of the device through suitable fasteners, such as 
clamps or clasps 82, 83, which may be any suitable 
fastener to hold an annular elastomer containing an 
opening for passage of a forearm in place around the 
5 open container end of apparatus 60- As in the prior 
embodiment, a suitable appendage such as a hand and/ or 
forearm of a mammalian user would be placed into the 
inside of the housing (the vacuum chamber 69) , which is 
hollow to receive the appendage, and the gasket 75 would 

10 form a substantially airtight chamber from which air may 
be pumped out by pump 67 and heat may be applied by an 
external heating source such as an exothermic chemical 
heat pack, as previously described. The dimensions of 
the apparatus are about the length of an average human 

15 forearm to the elbow, or about 18 inches (46 cm) . The 
weight of the device is about two pounds. 

Turning to Figure 5, there is shown the gasket 
gauntlet 75 which forms the seal for the hypothermia 
apparatus, similar to the Figure 1 embodiment, by 

20 sealing against the user's forearm (not shown) when the 
forearm is placed into the vacuum chamber. The gasket, 
being annular and having a small-sized annular opening 
sufficient to snugly receive an average user's appen- 
dage, is preferably made of a elastomer ic material such 

25 as natural or artificial rubber, latex or an elastomer 
such as M Dynaflex TH , " manufactured by Kraton Polymers, 
having a Shore hardness of 20-30 or "Clopay™" material. 
The gasket 75 has a thin tapered portion 77 that 
initially extends into the hollow vacuum chamber 69 of 

30 the apparatus 60, and a thicker lip portion that is 
suitably removably but fixedly engaged to the lid 80 of 
the device. Dimensions of the seal are approximately 
about 6 inches (15 cm) wide at the mouth and 2 inches (5 
cm) at the narrow portion receiving the arm of a user. 

35 To assist personnel in breaking the vacuum once treat- 
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stent is commenced when a user's appendage is inside the 
vacuum chamber 69, one or more pull tabs 78 may be 
placed on the gasket 75, which would be grasped to pull 
away the gasket 75 from the forearm to allow air into 
5 vacuum chamber 69 and thus break the vacuum, thereby 
forming a manual relief valve. Other spring-biased or 
automatic relief valves, such as relief valve 85, 
venting the vacuum chamber to atmosphere may be provided 
in the apparatus of the present invention to prevent 

10 excessive negative atmosphere from forming inside. 

As before, the operation of the apparatus when 
treating hypothermy would consist of a mammalian user 
having a suitable appendage such as a hand or forearm 
inserted into the hollow chamber of the device. The 

15 thin tapered portion 77 of the seal would conform around 
the appendage. The gasket can be seated against a limb 
further by pulling the appendage a bit out of the appar- 
atus (away from the inside of the apparatus) to cause 
the thin flexible portion 77 to invert its normally 

20 inward-facing direction. In any event, a substantially 
airtight seal is formed between the user's forearm and 
the gasket inside the vacuum chamber of the apparatus, 
and heat from an external heat source is applied around 
the portion of the arm inside the vacuum chamber. 

25 Previously, the chemical heat source had been wrapped 
around the hand of the user prior to the forearm being 
inserted into the device. Vacuum is then applied to 
evacuate the inside vacuum chamber of the apparatus. 
The combination of vacuum formed and heat applied would 

30 be sufficient to begin the process of vasodilation. 
Typically, for a human being, the necessary vacuum would 
occur in the range of between 40-60 mm-Hg vacuum. The 
device may include an optional external port for 
application of an externally-operated vacuum generating 

35 device such as an electrically powered, non-manual 
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vacuum pump. In the preferred embodiment shown , which 
is suitable for field use, a manual mechanical hand pump 
supplies sufficient vacuum to the vacuum chamber. Upon 
achieving of the adequate vacuum in vacuum chamber 69, 
5 which may be monitored by a pressure gauge (not shown) , 
and upon the application of external heat to the 
appendage inside the apparatus, an increase in core body 
temperature should occur* 

Further, in the operation of the present invention, 

10 one contemplated preferred setting for use of the 
hypothermy apparatus is in a field setting, at the site 
where a mammal patient is suffering from hypothermia, 
and outside a clinical setting (hospital) . Thus the 
present invention, being portable, is particularly well 

IS adapted for use by Emergency Medical Treatment 
personnel . 

Other preferred specifications for either preferred 
embodiment of the hypothermia apparatus of the present 
invention are as follows: 

20 Construction: 

— the housing body or sleeve body should be made of 
a substantially clear or transparent plastic material in 
at least half of its body to enable a patient's arm and 
hand to be seen when inside the device; 
25 — the plastic material must be durable and the 

housing not break if dropped from a height of 30 inches 
onto a vinyl tile surface; 

— the housing should not have sharp edges; 

— the housing must be able to withstand a vacuum of 
30 at least 300 mm Hg; 

— the housing must operate properly at ambient 
temperatures from -18°C to 70°C; 

— all materials forming the hypothermia apparatus 
be non-allergenic, and capable of withstanding cleaning 
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with alcohol and other cleaning reagents used in a 
hospital environment; 

— the longitudinal length of the housing must not 
exceed 46 cm (18 inches) , the lateral width must not 
5 exceed 25.4 cm (10 inches), the height must not exceed 
20.3 cm (8 inches), and the vacuum chamber must be able 
to accept a forearm that is 46 cm (18 inches) in 
circumference; 

— the maximum weight of the apparatus not to exceed 
10 5 pounds. 

Operating Features: 

— The vacuum chamber, when receiving a forearm 
sealed by a gasket, such as gasket 75, should be able to 
achieve a 50 mm Hg vacuum with not more than eight 
15 pumps of a hand operated vacuum pump; 

— the gasket when properly seated on a patient's 
arm should maintain the required vacuum for thirty 
minutes without having to use the pump; 

— a relief valve must limit the maximum vacuum to 
20 80 mm-Hg; a relief valve must also be a manual relief 
valve that will relieve vacuum to permit the removing of 
the unit from the patient's arm; 

— a vacuum gauge must be present with a color-coded 
"green zone" indicating a proper operating range; 
25 — the apparatus must have additional straps or 

fasteners for securing the apparatus to limit the 
ability of a patient to move their arm about with the 
apparatus attached. 

Chemical Activated Heating Pad: 
30 — The heat range of the chemically activated 

heating pad when activated in an ambient temperature of 
21.1°C or 70°F, will achieve a maximum temperature of 
about 46°C-47°C or about 115 °F - 117 °F; 
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— the chemically activated heating pad should 
maintain a temperature within about 5°F of the maximum 
rated temperature for about 60 minutes in the evacuated 
vacuum chamber; 
5 — the pad will be designed to apply heat to both 

sides of a hand and to the forearm. 

Although the present invention is primarily 
directed to the treatment of hypothermia, it is 
envisioned that with suitable modification the invention 

10 has numerous other applications. These applications 
concern the manipulation of the core body temperature, 
for example, in the treatment of hyperthermia. 

One example concerns the active manipulation of 
core body temperature. Feedback means could be employed 

15 to monitor the temperature of a patient subject who 
would have one or more limbs enclosed by the apparatus 
of the present invention. The hypothermia treating 
apparatus, described above, can be employed to raise the 
temperature of the patient whenever the temperature 

20 monitoring means indicates that the core body tem- 
perature of the patient is lower than desired. A 
hyperthermia treating apparatus can be employed to lower 
the temperature of the patient whenever the temperature 
monitoring means indicates that the core body 

25 temperature of the patient is higher than desired. 

Although several preferred embodiments of this 
invention have been described in detail herein with 
reference to the accompanying drawings, it is to be 
understood that the invention is not limited to these 

30 precise embodiments, and that various changes and 
modifications may be effected therein by one skilled in 
the art without departing from the scope or spirit of 
the invention. Accordingly it is to be understood that 
while the invention has been described above in 
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conjunction with preferred specific embodiments, the 
description and examples are intended to illustrate and 
not limit the scope of the invention, which is defined 
by the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. An apparatus for treating hypothermia in a 
mammal , comprising : 

a chamber for receiving an appendage from a mammal 
patient, said chamber having means for sealing said 
5 chamber from atmosphere; 

means for producing vacuum in said chamber; 
means for applying heat to said appendage; 
wherein said combination of heat and vacuum on said 
mammalian appendage increases the core body temperature 
10 of said patient. 

2. The apparatus according to claim 1, wherein 
said apparatus is portable, having a housing forming 
said chamber on the inside of said housing, and having 
an open end and a closed end, said open end receiving 

5 said appendage; and further comprising a seal connected 
to said open end to seal said appendage receiving open 
end when said open end receives said appendage, said 
seal forming a substantially air-tight seal with said 
appendage to seal said chamber from atmosphere to allow 
10 said vacuum to be formed in said chamber. 

3. The apparatus according to claim 1, wherein 
said apparatus is up to 20 inches long, and said seal is 
an annular gasket made of an elastomer selected from the 
group consisting of natural rubber, artificial rubber, 

5 latex, Dynaflex™ or Clopay™ elastomer. 

4. The apparatus according to claim 1, wherein 
said means for producing vacuum in said chamber com- 
prises an external pump connected to a port leading to 
said appendage receiving chamber. 
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5. The apparatus according to claim 1, wherein 
said means for producing vacuum in said chamber 
comprises a hand pump, said hand pump attached to the 
housing forming the outside of said chamber, said hand 

5 pump connected to a port leading to said appendage 
receiving chamber. 

6. The apparatus according to claim 1, wherein 
said chamber is formed by a housing, said housing having 
a substantially transparent half to allow visual 
inspection of said chamber. 

7. A portable device for treating hypothermia in 
a mammal, comprising: 

a housing, the housing having an open end, a closed 
end and hollow to form a chamber, the chamber of 
5 sufficient size to receive an appendage from a mammal 
patient ; 

a pump attached to the housing, the pump opera- 
tively connected to the chamber to produce a negative 
atmosphere in the chamber; 
10 a heating pad to produce heat for the appendage; 

wherein the portable device may be used to treat 
hypothermia through the application of heat and negative 
atmosphere on the appendage of the mammal patient. 

8. The invention according to claim 7, further 
comprising: 

an annular gasket disposed about the open end of 
the housing, the annular gasket having an opening of 
5 smaller diameter than the open end of the housing, the 
annular gasket opening sized to receive the appendage 
from the mammal patient. 
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9. The invention according to claim 8, wherein 
the annular gasket is removably secured to the open end 
of the housing, is of sufficient length to extend into 
the chamber of the housing, and further comprises a pull 

5 tab on a portion of the gasket facing outside the 
chamber to allow an operator to pull on the gasket, and 
wherein the gasket at the open end receives the appen- 
dage, to form a substantially air-tight seal with the 
appendage to seal the chamber from atmosphere to allow 
10 vacuum to be formed in said chamber, wherein the vacuum 
may be broken by pulling on the pull tab to release the 
gasket from the appendage. 

10. The invention according to claim 8, wherein 
the annular gasket is made of an elastomer selected from 
the group consisting of natural rubber, artificial 
rubber, latex, Dynaflex™ or Clopay™ elastomer. 

11. The invention according to claim 7, wherein 
the heating pad is a chemical heating pad, the pad 
producing a thermochemical exothermic reaction, and the 
pad sized to fit around the appendage. 

12. The invention according to claim 11, wherein 
the heating pad when activated produces a temperature of 
up to 112 "F from an ambient temperature of 70 °F. 

13. The invention according to claim 11, wherein 
the chemical heating pad is comprised of material to 
produce the exothermic reaction that is selected from 
the group consisting of liquid sodium acetate, or gel 

5 sodium acetate. 
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14. The invention according to claim 7, where the 
housing is formed of a substantially transparent, to 
allow visual inspection of the chamber. 

15. The invention according to claim 7, where the 
housing has a longitudinal dimension of about 20 inches 
and a weight of about two pounds. 

16. A method for on-site, portable core body 
warming of a mammal experiencing hypothermia in a field 
setting outside a clinical setting, said method com- 
prising the steps of: 

5 enclosing a body portion of said mammal in a 

vacuum-tight manner, thereby defining an enclosure, 
without transporting the mammal outside the field 
setting; 

generating and maintaining a negative pressure 
10 within said enclosure, thereby causing a local vaso- 
dilation in said body portion; and 

delivering a thermal energy to a surface of said 
body portion while maintaining said negative pressure, 
so that said local vasodilation promotes absorption and 
15 transfer of said thermal energy from said surface to a 
core body of said mammal; 

whereby said enclosing, said generating and 
maintaining of said negative pressure, and said 
delivering of said thermal energy is achieved in a 
20 portable manner through the use of a portable apparatus 
that is transported to the mammal without the need for 
transporting the mammal outside the field setting. 
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